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Part I 
INTRODUCTION 
Responses of plants to soil-moisture conditions are gen¬ 
erally well known to farmers In irrigated areas of tho world* 
The plants show various symptoms under dry soil conditions* 
A rapi?! recovery and resorption of growth follow tho api lica- 
tion of water after a dry spell* 
The concept ox tae soil as a reservoir for water is prob¬ 
ably more clearly recognizee in irrigated sections than in areas 
having frequent suns-or rains because of the necessity of re¬ 
plenishing the supply at intervals* In areas where rainfall 
occurs during the growing season* this concept is perhaps not 
so widely recognized because tho reservoir is replenished by 
rain and is generally filled or partly so* except when long rain 
loss periods occur* 
Tho soil reservoir is fixed within tho upper and lower 
limits of the soil moisture constants which are of practical 
importance for consideration in connection with plant growth* 
The upper limit is the field capacity while tho lowor is the 
permanent wilting percentage* Tho study of these factors which 
affect the soil-moisture reservoir is valuable in every area 
to determine whether it is advisable to supplement the natur¬ 
al rainfall through irrigation* 
'Xv 
Objectives 
x*actors influencing the need of crop plants for supple¬ 
mental water through irrigation can be grouped andor three 
general headings ox clura to* soil* and o ilt iral practices* In~ 
eluded undor cl it. a to are rainfall both total and seasonal ais- 
-1 
tribution and air temperature* Air tor poratur© is Important 
because it Influences the rate of water lo3S through evapora¬ 
tion. Soil factors Include soil texture, stricture, organic 
it utter content, moisture equivalent value and permanent wilt- 
in " percents. e# Cultural management practices are largely of 
indirect Importance that the nature of the crop grown arn« the 
manner In which it is cultivated has a profound effect on many 
of thu soil factors listed* For example, the structure and 
the organic matter content of a soil will bo Improved under 
a grass sod but under continuous cultivation soil structure 
will deteriorate and the organic matter content will nocrease* 
The principal objective of this investigation was to doter- 
r ino the relative importance of each of the above mentioned 
factors in influencing the need for supplerontal irrigation 
for field crops in Massac rjsetts• Once the important factors 
have been determined, the problem of s&tlsl’acfcorlly meeting 
the moisture requirement of our various field crops will be 
t „ch better defined* If farmers over the stato can be shown 
the relative frequency of serlo is aro jght periods in their par¬ 
ticular areas ana the number of times during the growing sea¬ 
son their crops would materially benefit from irrigation, they 
would bu in a bettor position to evaluate the practicability 
ana profitableness of largo investments in Irrigation equip¬ 
ment* 
He view of Llturatu.ro 
(31) 
Smithv inl91S reported that onion growers have boon 
practicing Irrigation in Massachusetts to control the 3ipply 
of moisture ana to avoid the blowing of seeds ana X'ortili&ors 
aa well to choc, carnage from thrips# 
(41) dolls 1930 reported that stabilisation of agriculture in 
many parts of the Unit©a State© wo ila bo aided greatly by 3 up- 
piementiny the natural precipitation during; tne iry periods 
in normally humid areas# 
( P9 ) Hoe' 1 1900 stated that s *ppl©mental irrigation In the hur id 
regions is needed because periods of intense drought occur 
d iring the critical growing or maturing periods with disastrous 
results# 
/ 04 \ 
Sanderson' 1 1950 reporting from Southern Ontario* Canada* 
states that the deficiency of water causes the fall ire of early 
fruits and reduced yields of hay and grains, and deficiency at 
maturity causes poor quality an© reduced yield in vo etaoles. 
late fruits and tobacco# 
Thoruthwai to (f 3o ,34,33) tm3 carried on intensive studies 
on the loss of water from free water sirfacos, soil surfaces 
and transpired water irom plants# Those water losses roprosont 
the transport of water from the earth be©* to the atnosphero- 
the reverse of precipitation# He has combined the losses of 
water from the soil and the plant into one expression - evapo- 
transpiration• B#vapotranspiration losses are primarily a func 
tian of air temperatures and day length# Thornthwaito has 
devised a formula for computing what he has called "potential 
©vapotranspiration values which can be expressed on a 
-4 
dally, weekly or monthly baa la. These values represent the 
maximum losses of w ,ter from the soil and the plant to tho at¬ 
mosphere when soil moist content is at field capacity, !•©., 
the water reserves in the soil arc adequate. 
when Thornthwsite’s evapotranspiration values are used 
in comparison with precipitation data, it is possible to de¬ 
termine with relatively hi h degree of accuracy how closely 
tho potential evapotranspiration losses are mot by the rain¬ 
fall. Hot only can periods of moisture deficits be determined 
but the wagnit icie oxv these 'lotlelenciea can bo measured! as 
well. 
Sanderson^has used Thornthwa.itw’s procedure in studying 
the effect of climate on soil plant moisture relationship® 
in widely separated parts of Canada* After throe years of 
study she concluded that Vhornthwalte*s method® were ap- lica- 
blo over a wide range of climatic conditions. 
(19 } 
Musgr&v© roper ted that the need of water can be predicted 
by a scries of evapotranspiration curves and tho application 
oi irrigation is necessary before tho plants suffer fro;; lack 
of moisture. 
(26) 
Shaw stated that rainfall in Kassactmaetts has toon below 
normal during the growing season in practically all areas of 
the state and that periods of drought are common• 
fatorlal and methods 
I* Soil Studios. 
Soil samples wore collected from five locations within 
Massachusetts from Ail Hams town (representing tne western up¬ 
lands); from Northampton (represonfcinalluvial soil of the 
Connecticut Hivor Valley); from the iniversity Farm in Amherst 
(representing aeoli&n deposits of the Connecticut Valley and 
eastern uplands); from Brleyewater and Marion (repreaentin 
light sandy soils of the southeastern section of Massachusetts) 
At each location, with the exception of Horthanpton, one series 
of soil samples was talon l*rom an area which has been unuer 
p 
continuous c Itivatlo? for many years, while another series 
was taken fron an adjoining area which ha<; boon ,muor continu¬ 
ous gross for many years* 
The analytical methods which have boon used to study the 
characteristics of the above mentioned soil samples art brief¬ 
ly described as follows* 
A* 3oll Texture* 
The texture of a soil la important because there 
us a direct relationship between texture or particle sis© ano 
the moisture holding capacity* Soils with a hi h clay content 
nave a much greater water-holding capacity than those with a 
low clay content* The texture of a soil is determined by means 
or a oarer^X mechanical analysis a) the fractional separation 
0i- so-^ particles on the bases of particle si2.0* This analysis 
gives the relative proportion of sand, silt and cla^ which a 
soil may have which in turn determines the soil class to which 
it belongs, i*o*, sandy loam, loamy sand, silt loam, clay loam, 
etc* 
-6- 
TIiq procedure • i sod involved the treatment of the coll 
with hydrogen peroxide to destroy the organic matter follower 
by separation of the mineral .fraction into appropriate si**& 
classes* Graduate sieves are used to separate coarser frac¬ 
tions while the finer material is fractionated by the evapo¬ 
ration of pipettou samples talon at definite time intervals 
from u suspension of the soil in water. 
B* Soil Structure* 
Soil structure relates to the aggregation of 
individual particles into aggregates or granules. The ease 
with which water enters a soil, and p rcolates down through it, 
and also the moisture holding capacity ir» closely related to 
soil struct tre. It was Important to learn whether or not soil 
structure ia an Important factor In soil moisture relationships 
with some of the ro lot al soils of Massachusetts. I*S the struo- 
t re so poor that any considerable portion of the rainfall 
is lost because It runs off the surface? 
Structure was in iroetly determined by means of the core 
(36) 
percolation method • boil cores 3 inches in tlametor and 
3 inches uoop were taken by rue ana of a specially desirhned saux- 
pllag uovico. by uoterialning the rate at which water would 
percolate Gown through these cores after they had boon com¬ 
pletely saturated with water. It v;as possible to determine 
whether or not a soil would absorb all or most of the vnter 
from a normal rain storm* Since the variation between dif¬ 
ferent samples of the sstns soil was greet, at least 10 cores 
-7 
ware taken from each sampling area. Corea with what appeared 
to have abnormal per relation valuer were broken apart to de¬ 
termine whether a atone, worm hole or root channel was the 
cause. In instance* whara any of these were found, the deter¬ 
minations for the samples were discarded. 
After the percolation rates were determined the cores wore 
or loo ana asea for volume weight or Porosity ie tormina ti • i. 
C. ->oil Organic Matter Content 
It was Important to learn to what extent, if any, 
the organic matter content of a soil influenced its water- 
holding capacity and also other factors associated with soil 
moisture relationships. The organic natter content of each 
soil sample was determined by means of Wakely and -lack’s ti- 
(£0) 
tration method * This method involves the oxidation of 
organic carbon with chromic acid. The amount of carbon {or¬ 
ganic matter) is determined by ascertaining the quantity of 
unused or non-reduced chromic acid left in a solution of known 
concentration. After a 30 minutes digestion tho .mused chromic 
■ 
&cia is then determined by titrutln.j the solution with a known 
* 
concentration of ferrous ammonias, sulfate with dlphenylaxniue 
us tai indicator* 
D, Moisture Equivalent# 
The moisture equivalent of a soil is commonly 
defined as the amount of moisture held by a layer of soil one 
centimeter thick which has been saturated and subjected to a 
centrifugal of 1000 tiros gravity. In other words the moisture 
~£- 
equivalent value represents the relative storage or reservoir 
capacity of a soil for water. Each soil was handled as follows: 
Duplicate samples were placed on opposite sides oi the centri¬ 
fuge head of a machine designed for this purpose and centrifuged 
for 40 minutes at £440 r.p.ra. After centrifugation the cups 
were removed, ana the moisture percentage was calculated on the 
basis oi’ oven-dry weight wnen dried at 105°G. 
E. Permanent wilting Percentage 
The permanent wilting percentage refers to the 
percentage of water in a soil at which permanent wilting of 
a plant occurs* The periuanent wilting percentage of each soil 
was determined by the procedure developed by Veihmeyer and 
Hendrickson^10^# About 500 grams of soil were placed in mois¬ 
ture-proof pint containers and planters with a mixture of oats 
and sunflower© in the green house* $hen the sunflower plant 
had developed three sets of leaves, water was added and the 
soil surface of each cult re was sealed off by means of a layer 
of paraffin* When the sunflower plants began tc wilt they were 
placed in a moist, dark chanter. If they did not recover, the 
soil was remPved ana Its moisture content determined* If the 
plant recovered the culture was returned to the greenhouse 
bench ana left until wilting reoccurred. 
j 
F* Moisture Extraction Curve. 
The moisture extraction curve was also determined 
by the method of Veihmeyer and Hendrickson# About 400 grams 
of soil were placed in a metal container* 0ns sunflower was 
When the sunflower had developed was planted per culture* 
the third act of leavesi the soil in each, cult re was brought 
*p to field capacity and the surface aealeo from the air by 
means of a paraffin layer* Weights were taken daily to measure 
the rate of moisture loss* A moisture extraction curve was 
determined for all soils studied# 
G* Water Requirement 
A green house experiment was conducted to learn 
whether or not relationships exist between different soils or 
soil types and water reqAirement (water necessary to produce 
a unit of dry weight of a given crop). In the experiment corn 
was used as the teat crop. Gallon pots containing seven pounds 
of soil were planted with corn which was thinned to one plant 
(13) per pot. Klees reported that variations in transpiration 
coefficient of plants grown on different soil types were due 
to fertility dll'ferencea rather than to the influence of soil 
type. In this experiment lime an fortili .or were adaea and 
(11) 
nutrients were added by watering with Hoag1anu solution 
throe times to eliminate difference® in the natural fertility 
levels. The experiment was continued for twelve wee s until 
the plant had reached the tasselln stage. The water required 
to produce one pound of dry matter In the stall, leaves, and 
roots was then calculated* 
-to¬ 
ll. Climatological Studies# 
All weather data were taken from the reports of the Jnited 
States Weather* Bureau# The three stations selected were 
Williamstown. Abhorst and Taunton# For Amherst a 63-year re¬ 
cord was available; for Williamstown, a 60-year record; and 
for Taunton, a 13-year reeoru# 
Thornthyalto1 a methods of analysis were followed in eval¬ 
uating the influence of air temperature on evaporation losses# 
Tae&a losses are expressed an ovapotranspiration values# A 
T 
detailed explanation oi' the procedure followed, will be riven 
along with the results obtained in the next section# 
Part II 
PRESENTATION 0? RESULTS AND DISCUSSION 
I# Soil Studios 
Results from the studios mad© on the soil samples collect¬ 
ed from five different locations In the state are presented 
In the following tables and discussion* 
A* Soil texture 
A complete mechanical analysis of all samples Included 
In this study are shown In Table 1* and Figure 1* 
Table 1^* Mechanical analysis of soil samples taken 
from five locations in Massachusetts 
Fraction 
Location of area sampled 
Ht. Hope 
Farm 
North¬ 
ampton 
Meadow 
Univer¬ 
sity 
Farm 
Slavers 
Farr- 
Hiller*s 
Farm 
Very coarse 
sand 2*1 rm 
& 
—jj— 
—%— # 1 % 
2.3 2*1 4*6 .9 7.1 
Coarse sand 
1-4 
2*9 *4 6*6 4*0 27.8 
Medium sand 
* 5 - * 15 iBm 
1.9 *3 3*3 5*7 19.6 
Fin© sand 
*25-0*1 mm 
6*1 6.8 8*4 28.6 20.9 
Very fine aarui 9,6 
.10-.05 
26 24.0 26*1 2.4 
ailt .05-.002 50.4 55.8 46*4 29.9 19.7 
Clay below 
*002 
16*8 6.6 7.0 5.8 3.6 
The results given In Table 1* show wide differences in 
texture In soil samples from the five different locations* 
11 
The Mt# Hop© Farm soil (Williamstown) has a high content of 
clay and silt and low content of sand# The samples from 
Northampton Meadows ahd the University Farm have a very high 
proportion of very fine sand and silt bat a low content of 
clay and the coarser stria fraction* The Siever3 Farm (Bridge- 
water) ana Hiller Farm (Marion) soils are coarse textured, 
the Marion soil bain the coarser of the two* The clay con¬ 
tent is vary low* The silt content is relatively low and its 
proportion of coarse Sana is relatively high compared with 
the Connecticut Valley samples* Taking the state as a whole, 
as one proca©vis from west to east, the clay content of most 
types decreases ana the total sand content as well as the slue 
of the sand particles increases* 
It will be shown that those differences In soil texture 
have a very Important influence on the moisture characteristics 
of those soils* Differences In soil texture are more closely 
related to the irrigation requirement for crops then any other 
soil factor# 
3* Porroability studies. 
It la Important to know what proportion of the water 
which fall on & soil as rain will penetrate Into the soil 
and also the rate at which water penetration takes place. It 
was necessary to learn whether or not an appreciable q antity 
of water would be lost as runoff from a heavy rain, 3in:ply 
because the infiltration rate was too low. 
Uhlana ana 0,Neelv have classifies soil permeability 
*13 -1 - 
froin a nation-wide standpoint. They proposed a oyston of 
so von per?, ©ability class ranging from "’very slow" to "vory 
rapid* This clasoific&tion is shown la Table 2. 
/ 
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Tabl« 2. Perm©ability classes ana index and the 
percolation rate In inches par hoar 
X 
Permeability class 
permeability 
Index 
Percolation rate in 
inches per hr. under fe~ 
inch head of water 
Very slow 1 less than 0.05 
blow 2 0*05 to 0.2 
Moderately slow 3 O.fc to 0.8 
Moderate 4 0.8 to 2.5 
IIoder&toly rapia 5 2.5 to 5.0 
Rapid 6 5.0 to 10.0 
Very rapid 7 More than 10.0 
Permeability differences were found in the infiltration rates 
for the five soils studied* The results are shown i Table 3. 
Table 3. The percolation 
organic matter 
rate per hour and the 
content in five soils 
Location of area 
sampled 
Organic 
Matter 
percent 
Percolation 
perhour 
ininches 
Porosity % 
•dilllama town oul t i vated 1.84 2.8 46 
"all 11 lama town under grass 2.02 3.a 49 
N o r thump t on c u 111 v a t o d 0.74 0.5 42 
Horthor pton under grass .58 0.6 40 
Amherst cultivated 1.03 0.0 42 
Axnherat under grass 1.15 0.8 48 
Bridgewater cultivated 1.69 1.9 42 
Bridgewater under grass £.29 8.2 48 
Marion cultivated .87 3.3 44 
Marion under gras3 1.04 7.0 45 
Tho heavy loam soil from lit. Hope Perm ha a a permea¬ 
bility index or 5 or u mouursfcoly rapid rate* This means that 
this soil had been well managed an , that the struct tre was 
excellent* The infiltration rate for the soil indor soa was 
35 per cent gractor than for cultivated soil K°wovor, the 
infiltration capacity was high enough to permit tho penetra¬ 
tion of practically all the water from normal rainfall* Of 
course, on 3toep slopes and in cases of very heavy rain showers, 
vinoff losses would be appreciable. 
The percolation rates on the Northampton r eadow soils 
were moderately slow with a permeability index of 3. Those 
soils have boon intensively cultivated for many years. As 
seen in Table 3, the organic matter content is vary low, both 
la the cultivated soil and the soil under sod. The low or¬ 
ganic matter content of the soil under sod is explained by 
tho fa.t that the sod was only two years old. This would 
indicate that the increase of organic matter content in a soil 
under permanent sod increases very slowly. 
The Northampton meadow soils are alluvial soils, built 
on tho flood plain of the Connecticut River. As shown in 
Table 1, they are very high in tho very fine sand anr silt 
fraction bit quite low In clay and coarse sand. Since both 
the clay content una the organic matter content 13 low, there 
is very little material in the soli to build the fine sand 
ana silt particles into aggregates# The structure of those 
soils is therefore very poor. Farmers who have u&ou irrigation 
water on potatoes on these soils have observed the slow in- 
filtration rates of these soils t'or & number of years* They 
have observed how water will remain in the furrows between the 
potato rows for hoars and sometimes for a day or two aXter 
a heavy rain shower. This la particularly true for rows through 
which the spray machinery passes* Fortunately the lan Is quite 
level so that runoff losses are reduced to a minimum notwith¬ 
standing its alow rat of infiltration# 
The moisture characteristics of those soils could be 
greatly improved by modifying the current cultir al practices* 
Kf 
just the growing of a sod for two years 1;. proven the infil¬ 
tration rate appreciably but if the sod were plowed and allow¬ 
ed to decompose, a much greater improvement could be expect¬ 
ed* If a grass sod could bo rotated with cultivated crops 
one year out of three or fo r, a tremendous improvement in 
soil struct re would mdoubtetily result with a corresponding 
betterment of soil-water relationships* 
Thu Bxperltent Station Farm soils were similar to North¬ 
ampton meadow soils, The infiltration rate was slightly bet¬ 
ter with a permeability index of 4 instead of 3* The organic 
\ . ■. M • 
matter content was higher but still at a relatively low lovel* 
' 
Since these two soils are quite similar in texture, organic 
matter, &au porosity, to the Northampton meadow soils, all 
that has been said with respect to the cultural management 
of soils would apply also to the Experiment Station plot soils# 
Even the experlstotital plots could benefit from changes in 
•17- 
cultural management practices as Tar at* soll-w&tor relation¬ 
ships are concerned* 
The Bridgewetor and Hanlon soils have a hi h proportion 
of coarse sen; particles# Therefore, even tho soils nder 
continuous cultivation have a moderate to moderately nigh 
infiltration rate# There is little danger of excessive run¬ 
off with ol hoi* of those soils* Tho i (prove:.out In infiltra¬ 
tion rates for the soils under grass is particularly notice¬ 
able# The permanent grass sou in each case was many years 
old, thereby giving It sufficient time to effect noticeable 
Improvement in organic natter content, struct ire, porosity, and 
infiltration rates# A crop rotation of sod would help 
greatly to maintain inpro ed soil-water relationships also* 
The beneficial effects of an old permanent grass sod wore 
observed in every instance. The rate of imporvemenfc under 
a permanent ’rase sod is evidently quite slow since a two-year 
ol so showed only moderate Improverent in such soil proper¬ 
ties as infiltration rate, porosity, and organic matter oon- 
V 
tent# If a grass sod is allowed to develop for a year or 
two and then plowed nnaer so that large masses of raw organ¬ 
ic matter can decompose is. a short period of time, it is quite 
' ' v | H ■; 1 | | 
likely that the some degree of improvement In these soil prop¬ 
erties woul«. oe brought about so would event tally result from 
leaving tho soil under a permanent sovi for a long period of 
time# Russell; has shown that tho beneficial affects of 
organic matter come from, Its decomposition In the soil and 
—lo¬ 
ut a fast rate path©.? than from it© presence la the soil as 
a raw undecom posed material* 
All the effects of a high water infiltration ret© in a 
a 1.1 are not favorable* To© high infiltration rates of the 
light BBncy soils would markedly increase the leechin? losses 
of plant nutrients, from manures or fertilisers compared. to 
lower infiltration rates for tne heavier loam soils* 
C* Moisture Equivalent Determination 
Plants need soil moisture in all the stages of growth, 
XVom germination to maturity* When water is applied to a coil, 
the pore spaces are almost filled for a short ti o to the 
depth wotted* If drainage takes place, the gravitational 
water will move downward and the amount of water held by tho 
coll after draining Is called the field capacity. It is from 
this source that plants get most of their water* Many inves¬ 
tigators*30 5 have attempted to determine the flel< capacity 
by means of a laboratory procedure* The field capacity is 
frequently expressed in terms of the moisture equivalent* 
An empirical snetnod has boon devised for measurirr what 
is called the "moisture equivalent value” of a soil. Table 4 
shows the results obtained for the moisture equivalent values 
fox* colls under investigation* 
The cultivate© tilllamatown soils show the highest mois¬ 
ture* equivalent value of 24#4 per cent followed In turn by the 
Bridgewater soil with 17.4 per cant, tho or thump ton soil with 
16.7 per cent, the Aiaherot soil with 15.4 per cent, eno tho 
•19 * 
Marion soil with 9.2 per cent 
The difference can be explained by the textural differ¬ 
ences between the five soils as revealed by the mechanical 
analysis. In the five textured soils such as Williamstown 
which has large portions of silt and clay, the soil particles 
are very small and hole! much more water ©gainst the centra. 1 
gal force than do the Marion soils which have a large percen¬ 
tage of sand# 
It is interesting to note that in each case, moisture 
equivalent was greater for the soil which was under grass than 
for the cultivated soil. However, the differences are not 
large and it is obvious that increasing the organic matter 
content of a soil does not compensate for textural differences. 
It is not possible to increase the moisture equivalent value 
of a sandy soil to that of a loamy soil simply by increasing 
the organic matter content by cultural means# 
These differences In soil moisture equivalent values which 
in turn are closely associated with textural differences of 
the soils are very closely related to irrigation requirements. 
Soils with low moisture equivalent value need more frequent 
applications of water than soils with high moisture equivalent 
values for the same crop. 
Moisture equivalent values have been criticized by sore 
, / 31 \ 
investigators. Smith' ' pointed out that the moisture equiv¬ 
alent values may not agree v\ith the field capacity value of 
/ r \ 
the soil In place in the field. Veihmeyer suggested that 
-20 
the moisture ©equivalent value is close to the fiol capacity 
when the value is over 1£ to 14 per cent in fiv© textured soils* 
It is safe to say that this value Tor Will I are town, ^rahorst. 
and Morth&io.- ton soils can bo taken to represent rather ac-u.r- 
atoly the field capacity* In the Marlon soil, the value was 
less than 12 per cent and sine© the soil is sandy with 7 per 
cent of coarse sand, the moisture equivalent is undo btedly 
less than the field capacity* 
-D* Perman©rst Wi 1 tin Percenta*;■ © 
Plants use the soil moist ire in the root zone until 
the moisture la reaucoo to u Ivon do roe of dryness• noil 
moisture is held so tightly by the soil particles when too 
moisture content is in the range of wilting that plant roots 
cannot absorb water rapidly ©no; h to compensate for the water 
* 
lost by transpiration* Therefore, the plant wilts. The plant 
can survive for some time bat if fchu water is not applied to 
the soil relatively soon, the plant dies* 
Th© moisture content of a soil at whi h the plant ceases to 
> 
grow am loses *.ts vigor and turbidity has been the subject of 
a great deal of research work. The most important early wor.. 
on the availability of water to plant is that of Brlgrs end 
(2,3,4,) 
onants who studied 20 soils and made some 1300 trials. 
They concluded that on a given soil all plants can reduce th© 
moisture in the soil at the time plants wilt permanently, 
therefore, is an Important soil property• Caldwell^', and 
8nivo *°a ki vi nj.,8 ton a ?) ai8#gJ,oocf „lth tna Briggs und Bhnnta 
concepts ana stated that permanent wilting was determined ty 
climatic aru. not only by soil moisture conditions. Voihmeyer 
and Hendrickson^0^ found that the residual so 11-moisture con¬ 
tent at permanent wilting Is remarkably constant ior a given 
soil under any evaporating conditions likely to exist with. 
(9} 
plants growing in the field. Furr and Neevo reported simi¬ 
lar* results and they use the term permanent wilting point to 
indicate soil moisture content at the time the basal loaves 
of sunflowers wilt permanently# Kramer^ stated that 
permanent wlltirv' does not marfc any definite limit In the move¬ 
ment of water from soil to plant, it simply marks the mois¬ 
ture content at which absorption becomes too slow to replace 
the water lost by transpiration# 
Thu permanent wilting percentage in the five Massachusetts 
soils (Table 4, snows a variation between the different so'l 
types within a range of 5 per cent* The permanent wilting 
percentage of williamstown, Northampton r oadows. College Farm, 
Bridgewater ana Marion soils under cultivation are 6#3$, 4#3^, 
4#l£, 4#7$, 1.9> respectively an for the same soils mesr 
grass, 8.8$, 4#3$, S#l$, 6#4$, and 3»3^» in the sar.e order# 
The moisture equivalent to permanent wlltin : percentage 
ratios for these soils ranged from 2.6 to 4#8. Volhmoyer and 
Hendrickson^7^ investigated 60 aolls and found the ratio to 
/o \ 
range from 1#4 to 3.8# Duncan', found that the ratio of 
moisture equivalent to permanent milting percents ■© ranged 
from 1*57 to 5.65, varying with soil type and horizon* 
The upper limit Tor water to be easily absorbed is the 
field capacity whor the soil cor: tains ample water on air for 
pliant growth* Velhneyor^^ has used the torn 'readily avail¬ 
abler’ water to roan that water between the field capacity 
and the permanent wilting percenter'** The re a ally available 
water in the present Investlyetier- for Massachusetts soils is 
V I 
shown in Table 4# As would bo expectedf those val m for the 
five soils follow in the same order m their moisture equiva¬ 
lent value, 
E* Soil Moist re Extraction determination 
Trie results of the soil moist ire e .traction determina¬ 
tions ore given 1 ; fable 5 and fi ;aro X* The extraction curves 
show u relative stoop curve fox* the soils with a high i oiat iro 
equivalent value a.*ch us the Viliams town soils and a flat 
curve for the soils with a low moisture equivalent value e ch 
as Marlon soils* The slopes of the curves for the Amherst, 
Northampton, and Bridge via ter colls are intermediate* 
In the bo inn In,; the rate of water o, traction was high 
and Bfoet of the available water was loot -with!- a few duys* 
After this the rate of loss was greatly red *oed until t-.o 
permanent wlltin - percent* © was roa he * The secone perloo 
of water loss was reached such sooner with the Marlon soil 
than with t * *111lamstown soil* The other soils were liter- 
mediate* 
ih© results Inuloat^ that light soils ® icn as the Marion 
soils require more frequent applications of w tar than heavy 
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soilii such us williams town soil to maintain sa tisfac tor* moisture 
levels# Tneee curves show also why it Is important to s pply 
supplemental water to trie .'.oil some days before the permanent 
wilting percentage la reached* Plants will survive for aov- 
oral cays at low moisture levels In the soil but their rate 
of growth Is far below optimum# 
Wftter Less in Halation with Tim® of Five Soils in Mass. 
Location of area Time per Day 
sampled 1 3 3 9 11 13 1 Av 
Williamstown Cul¬ 
tivated 
$24 19.74 15.76 12.16 8.70 5.9 4.85 
Grass 25 10.80 14.72 10.72 7.76 5.9 4.86 
Northampton Cul¬ 
tivated %n 13 9.31 6.35 5.08 3.91 3.04 2.64 
Grass w 8.16 8.24 5.72 4.48 3.88 
Amherst Culti¬ 
vated %16 13.24 10.60 7.88 5.05 4.6 3.57 
Grass %17 12.78 9.68 7.68 5.8 4.48 3.17 
Marion (H) Culti¬ 
vated 
Grass 
%XOAi 7.44 4.88 4.15 3.52 2.93 
%H 8.14 6.7 5.32 5.04 4.2£ 3.8S 
Bridgewater Culti¬ 
vated (s) %1S 12.14 9.32 8.20 7.56 7.1C 6.66 
Grass $20 14.93 M
 
O
 
•
 CO
 
b
 
9.01 8.23 7.5C 6.83 
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F* Wat or Requirement 
Living plants contain a large percentage of water* 
This Is portic ilarly tr ie in the case of fresh vegetables, 
fruits, an:, forage crops. A continue s need of water supply 
shoal be present to franish the plants with water in all stages 
of growth. The plant roots absorb tho water X’rom the soil* 
The water takes part in all tho Metabolic processes by which 
the plant can grow from the soon germination to net rity* A 
great quanity of water passes titrough the plant ana Is lost 
in tho atmosphere for every pound oX' ary matter produced* 
The water required by tho corn plant to proa ice a po nd of 
ary matter when grown In the five soils investigated Is e lown 
In Table 6. 
tmhl* 8. fame* of w»t«r rasuired ty mm to ; rod»e. mm ,«uai «f <»ry 
Bflfcf ®; B-IS2SLSS L fIV® jilf fW»t MX it 
Sanree of s*U 
ZWMl of 
4fy setter 
pftNSttii 
Uses tfc* here 
tell (^t^e} 
Mk,mA eF 
«M*r 
timepif^d 
Btfsireg 
dry setter 
ill is^rtswatt eeit lasted 
tse 
.3008 
tkt— 
10.17 14*00 
" ' ”157 
84, 
ussier gre et •08X4 xo*n X7.es mi 
.0314 U** tt.il goo 
easier gnats iirti U4I te.37 SMI 
Aa&erst salMsaiet •0(^1 ia.« U«l $14 
uoier grsss •mi? u*s® h*« 
W<PkW
m 
$rt4i*w***r eultiveteg iMH 9*79 1S*3§ sis 
ussier grass *04Si t*lS 14.38 9S0 
eslttvstei «$#4? 8.42 n»n ssg 
ea&er gras# *04 #4 t#4t u*$s m 
27 
Although there la a difference in the quantity of water 
needed by the different coils there is no consistent difference 
or trend either between different soils or c It re 1 t-’eatreonts* 
As much water was lost by evaporation in the bare soil (check) 
by this process as mm transpired by the corn plant. 
-se¬ 
ll* Climatological Studios 
A# Precipitation 
The amount of rainfall ana its (1st rib it ion are of 
primary importance in crop pro© action* 
The mean monthly precipitation for 63 years at Amherst 
is ahown in Table 7 ana Table (lf£#3t) in the appendix. The 
Table shows an even distribution of rainfall thro ;gho t the 
yoas's. This would give a monthly roan of 3.61 inches$ if the 
annual rain was equally distributed over the year* 
In Williams town and Taunton the monthly mean proc Ip i tat on 
(Table 8,9) also shows an oven distribution# 
A study of the actual monthly precipitation for indivi¬ 
dual years, however, shows a win© variation X’rom the monthly 
coan, ©specially during the growing season. This conrItion 
Is shown In Table 10. 
Table 10* Monthly Extremes in Hainfuli for the Three 
Summer Months at Three Locations in Mass. 
Mon th Minimum and Maximum Precipitation 
Arrherst will lams town Taunton 
inches inches Inches 
June 0.76 - 9*68 0*87 - 9*07 *92 — 8*89 
July 0*70 -14*51 1,28 -10.02 1.01 - 6.17 
August 0.31 - 0.40 i.i£ - e.5i 0,97 -10.66 
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There la also a wide variation froa the annual mean precipita¬ 
tion lor individual yeara# The annual precipitabi n X”or G3 
ye or a at Amherst, 60 years at ifr'il Haas town and 23 year a at 
Taunton la snowa in Tables (7,0,9) at Az&herst rang©-- Iron} 30.7 
inches to 59*0 inches. At ?/ll Hants town it ranged from 26*2 
to 40*1 Inches, and at Taunton from 33.8 to 53.3 inches* 
The difference in precipitation between tie hot ary year 
selected with special consideration to the growing season, in 
cor.par Ison with a wet year selected by the so;- a standard, 
indicates that additi>nal water Is needed in dry years, especi¬ 
ally during the months of June, July and August. 
ffewtafttas* i$& a ?**# 
*3—jjrt .. m sa«wtt£Ms 
him AtMii 60 yw»r» 1908 mt *e m 
.jms*.. 
IM0 
Tty 
i§3i 
ISIS 
m im %m* 
He 
$*?S 
la* 
Mi 
ill* 
«*ii 
im* 
3#5f 
in# a* 
*•*1 
im* 
n*n 
in. is. 
7.3,5 S.M 
July ♦ *08 4*64* f*t» 4.U nm 5.52 4*T3 1*64 
Aiglet MS un 1.69 Mi US 8*8$ 6*61 1*14 
TSSitS— inrs w 'fill" \ tot > 
■rar 
y -■ n.^ ~*TOinKsr~ 
Th* table indicates clearly that there is a wide differ- 
once tetaoen total jscan PoiiVi.ll for those suiwaer Piontha v .rin,™ 
a selected dry year. If the rainfall pattern each year approxi¬ 
mated yearly monthly means, the need for supplemental irriga¬ 
tion would be limited but it is obvious X'rorn the a novo data 
30 
that such is decidedly not the case* 
3* Air Temperature 
The water available to plants from the rainfall is 
influenced by differences In air temperature* Air tempera¬ 
ture is Important because water losses both by transpiration 
ana evaporation are strongly affected by it* High tempura** 
turns accelerate the so losses , low temperatures retard tries-'* 
In places whore evaporation and transpiration are high* a 
given amount of rainfall is loss effective in plant growth 
than in places where the evaporation and transplratlo arc 
less. Thornthwaito^  has attempted to combine the losses 
from transpiration and evaporation into one val e or expres¬ 
sion which he has called ”evapotranspiration*• By this means 
he measured the influence of air temperature* -sing Thorn- 
thw&lte'e proce are, seven ova otranspiration curves were 
prepared* A general carve for each static? was orawn using 
long tin.© mean monthly temper a tare data* Those curves are 
snown In Figure 6* In audition to these general curves, two 
more curves were prepared for each station, on© curve for a 
ebleoted dry-growing season and one for a selected wot one* 
Tilede curves are shown In Figures 7,8,9* 
In brief, the Thorn thwaite1s procedure in as follows: 
/ 
1* Monthly mean temperature figures are converted from 
Fahrenheit to Centigrade values* 
2* Using a specially devised taule, these ter? pert.taro 
val . *s ore used to determine what are called monthly heat 
index values. The accumulation or total index value for* the 
year la its value used. 
3. Jsing k cycle x. 3 cycle logarithmic graph paper, a 
point A. is located oy me ana of a predetermined X val ic of 
P.E. a 13,5 and a predetermined y value of t « 26,5* Point 
A Is c&lloo tho conversion point. 
4. . The calc elated yearly temperature index val ie is then 
located (poi t B) and a straight line drawn from A through B 
to the X axis. This line gives tho direct relationship bo- 
tween tor peraturo values (y axis) an > evapotranspiration values 
(x axis), this is shown in tho figures 3,4,5. 
5. From another specially devised ta-le a correction fac¬ 
tor is applied to each evapotranspiration value obtained In 
step 4. This correction factor adjusts monthly for differ¬ 
ence* in day length and for differences in latitude. 
6. The corrected ovapotranspiration values are converted 
from centimeters to inches and than used for constructing; an- 
n .d av&potranspiration curves. Tho ovj^otransmiration data 
noth from Table 11 ana the curves In Figaro 6 to 9 show that 
variations in evapotranspiration values are slight, not only 
between the throe stations studied but also between wot years 
and. dry years at each individual station* It would appear 
that water losses through evaporation and transpiration wore 
approximately constant from aoes.n to season and from one 
location within the state to another. 
Some seasonal temperature differences are inoicatecu 
Air temperature in April and May at Taunton arc cooler than 
at Will lams town or Amherst, On the other hand, air tempera¬ 
ture at Williamstown in Sep tom box'* and October are cool r t urn 
they are at Amberst or Taunton* 
C* Influence of temperature la relatively constant as 
shorn by evapotranspiration values, the principal climatic 
factor to oe considered is precipitation. Therefore, whether 
or not there is an excess or a deficiency of moisture for any¬ 
one month uepftnti* almost entirely on the precipitation for 
th© month* On the average, for all thro© stations, a moist ire 
deficiency (rainfall lees than evapotranspiration) exists for 
the months ou June, July and August* However, during certain 
wot years there may be a surpl is of water* The magnitude of 
cr-iiu us shown in Table 11, together with the magnitude of the 
moisture delloiency for a selected dry year and also tho long- 
tiro average* 
T
ab
le
 
11
* 
E
va
 
p
et
 
r
a
 
n
 
s
 
pi
 
r
a
t i
 
o
n
 
V
al
ue
s 
B
as
ed
 
©
a 
L
on
g 
T
im
e 
I&
&
&
 
m
o
n
th
ly
 
T
em
pe
ra
tu
re
s 
a
n
d 
lo
at
h
ly
 
T
eu
pe
ra
tu
r©
 
fo
r 
a
 
S
el
ec
te
d
 
W
et
 
T
ea
r 
a
n
d 
S
el
ec
te
d 
C
ry
 
T
ea
r 
s 
I 
M 
s 
frl i O 
o s 
• 
to 
• 
05 
0 
• 
e 
• 
s 
• 
0 H 
• 
O B 
• 
s 
• 
S 
• 
O 
0 r-f o H to to to HI 0 
•P 0 
*s s 
i o 
o i 
©I 
to 
* 
©3 
P» 
• 
s 
• S 
H 
C* 
• 
3 
• 
2 
o 
• 
to H 
• 
o 
o HI M <* to * to CM »4 
£ * 0 
0 
• 1 
o o 3 
• • 
8 
• 
o 
§ 8 • I 
Oi 
H 
• 
s? # 0 
” » «S o O ©1 * to to H o H 
00 
frS i © 
o 
HI 
1 a • 
t* 
o 
• 
CM 
0 
0 
8 
• 
0 
H 
• 
3 
• 
CM 
B 
• 
3 0 o 
o « o H to <p to P» to HI 
CO 
-8 5 i 
■ 
o o 
©a 
to 
• 
e # g 0 3 • * 
rf. 
rt 
t- 
• 
CM 
0 ♦ 
H 
0 
• 
to 
• 
o 
SB H 0 HI CM * to «* CM H 
£ 
^ • 
O $» i o o o 
8 # 3 • ? • 8 * 8 • & • 
h 
0 
* • 
o 
0 -as HI to to to H O 
&s i o o a • 
8 
• 
8 
• 
H 
©3 
• 
©* 
0 
• 
C 
• 
CM 
01 # 
0 
to 
• 
o o 
Q rHI o H to «* to ** 10 CM 
43§ 0 <?> 
4 h 
i o o 
©* 
co 
M 
CO g: 
* 
§ jk e A 1 3 m 
0 
CM ft S s o 
w 
O 04 
w to to to 
w 
to to 
W 
H O 
p 
5 0» H N to 
8 
Jfc 
e 
<3> CM 
si 
o o H 4 1 CM m B # H M t> 9 a o 
0 H 
w 
to to 
w w 
CO 
w 
H 
w 
0 
* 
ss 
I 
& 
! 1 
£ I # I 
& 3 
*9 
«S ^ 
g J8 
1 | 
£ l 
! 
© 
& 
S 
24
.1
1 
23
.9
4 
23
.1
4 
24
.2
4 
24
.0
1 
2S
."
tt
 
1S
£§
2 
-34- 
T«M» 12* tmpDtmmptmtim mol matoll with rur$>l«u» *a4 SoftoUney 
<hirt«t *lWM Ss*ss#p MM*tt •• ts 0*y M« *t ,W 
death 
60 ,yr»*. 
Ailewil 
Wet 0*7 Aweitjpt 
mr. iomi 
tfillUeaetew* 
Wet 0ty 
Pit... Ifllft. 
TeueCen 
4mr*$# Wet Ory 
~TC- la* in* In* Ci Is* in* Itt* in* 
#«• 4#§6 S*f0 4*31 4*40 4*04 4*60 4.80 4.80 4.70 
«Juiy 6*0§ 0*00 0*07 §*0i 6*0? 6.0S 6*06 8.09 8.83 
un 3*04 «*n «.os **n 4*18 4*6® 4*?1 6*10 
0# r. 14*36 13*40 13*90 13*44 
i 
14*32 18*82 14.08 \ 14*50 18*88 
Selnftrtt n.<s» 17*33 f*«i 11*31 18.92 8.93 
; 
U*S1 17*09 un 
Clffei*. 
MM 
- Mi 4*70 •s*3§ •t#»T 1*00 «e*98 •6*00 3*09 •9*44 
The figures from the a ove table indicate that there is 
almost £ inches or more deficiency of water on tho avara o ■Ww 
for this period at each station. For selected wot years, 
there wus a s irplus of precipitation of £.6 to 4.75 inches, 
while lor a selected cry year the w, tor deficiency ranged from 
6.35 to 9*44 inches* Tti© n&rifcfxl exTecte of drought are .rer.t v/hen 
% 
a large amount of water is needed* If the influence of cli¬ 
mate is confined with that of the soil on the soil water re- 
,-latlonshlps, it Is obvious that Bridgewater and Marion are In 
" an unfavorable position. Not only do they experience lame 
moisture deficiency {-£*8& to’9.44), but du> to the sandy 
nature of the soil in this locality, the reservoir capacity of 
the soil for* holding moisture is low. 
Ml 
D* The Relative Frequency of Dry Years* 
Assuming that the same climatic conditions will pre¬ 
vail in Massachusetts In the fat ;re as they have in the past, 
a statistical study of the frequency of the.cry years can to 
iseful • 
* 
Table© 15,14 show the number of years for each station 
In which potential evapotranapiratl>n losses were greater 
thar the natural rainfall. 
Table 13* The Hum.., er of Years in which the Evapotranspiration 
Val ios for the Summer Months Exceeds Actual Rainfall 
Amherst 
60 ym* 
ill lias. © 
60 yrs* 
town Taunton 
23 vrs* 
Month 
Ho. or % 
. USSL i«L* 
Mo* of 
Dry yra* 
% Mo* of $ 
Dry yrs* 
Juno 58 65.3 43 71. 6 16 69.5 
July 51 85*0 45 75.0 £0 G7.0 
August 42 70.0 49 81*6 14 61.0 
Fror the table, it seems generally that the precipi¬ 
tation in more than 60$ of the years eaa below the potential 
evapotranspiration for the three months. This high percentage 
♦ 
shows that water may bo a problem in crip production 6 to 8 
years out of ton* 
fable 14. Volvsm Weight and Specific Gravity of Five Soil* in I'm.ss* 
location of the Area Sampled Yolua© Wt* Specific Gravity 
Wllllametewn 
Northampton 
Cultivated 
Under Smss 
Cultivated 
tJndar Grass 
1.23 
1*19 
1*59 
1*50 
2.2 
2.3 
2.54 
2*56 
Cultivated 
Audi© ret 
Under Grass 
1*59 2*54 
1.50 2*56 
Cultivated 1*39 
Bridgewater 
Under Grass 1*26 
2.42 
2*47 
2*52 
2*59 
-37- 
III* The Use or Potential Evapotranspiration 
Values and Boll Moisture Constant Values for 
Calculating the Hoad for Supplemental Irrigation 
If values for the moisture equivalent, the vol.ro weight 
ana the permanent wilting percents - o for a soil ax'a lno\/a , it 
Is then possible to determine the actual water-hol lug or 
reservoir capacity of that coil. For example, the value for 
the volume weight of the Amherst soil is 1.4* A cubic foot 
wohi i therefore weigh 87*5 pounds* If a nine-inch plow layer 
Is considered to bo the principal root zone for absorbing 
water which observations indicate that it is, then an acre 
of soil will weigh approximately 2,658,000 pounds. ow, from 
the values for moisture equivalent of 17 per cent ana permanent 
wiltIn percenta o of 4.5, a value of 12.5 par cent available 
water is oat&ined. If near optimum growth can i,e ?alntai ed 
with at least 50 per cent of the available moist ,r-> as report¬ 
ed by Isx'&oloon^^, fllairw^ end Wadlolgh^0 ^, then 0.25 ’of 
the top nine inches of an aero of soil will represent the weight 
of the readily usable water which can bo stored In an acre 
of soil* In this case it ia approximately 150,000 po mas of 
water or the equivalent of approximately 0#73^inches of rain* 
Using the same procedure with the four other soils studied, 
the corresponding star.?, e capacity * or quantity of readily 
available water, Is as followsf Willlamstown, 1.16 Inches; 
Northampton meadows, 0.78 inches; Bridgewater, 0.75 inches; 
and Marion, 0.46 inches* 
38 
The second stop involved the use of -tally evapotranspira¬ 
tion values* Beginning at the start of thu growing season, 
a running or accumulative total or daily potential evapotrans¬ 
piration values la kept from this total the at o mt of water 
from each rain is subtracted from the total. When a negative 
value (potential evapotranspiration exceeds raimall) is 
reached equal to the readily available supply of water a torch 
in the soil, then supplemental moisture is needed. 
Using this procedure, tho irrigation requirement for the 
Amherst soil was determined for 1947 which had a ary growing 
IflWHgf 'fWM 
season* To increase trio accuracy of daily evapotranapiratioo 
values, weeVly averages were calculated instead o£ monthly 
averages but it is uouttful if this operation is necessary* 
Approximately three-quarters to an inch of water aho Id 
have boon applied on the following days: June 30, J ily 7, 
July 30, August 5, August 11, August 21, ana Septet or 8« 
Tho total potential ovapotranspiration amounts to 13*99 inches 
for Jme, July, ana August while the total rainfall for this 
period was 7*64 inches, leaving a deficit of G.35 Inones• It 
is interesting to note that the eight applications of water 
called for in the above calculations amounts to approximately 
the same value as the indicated deficit of 6.35 inches. 
If this relationship holds X’or other years as well as 
for other localities In Massachusetts, it is a rel tively simple 
matter to calculate the irrigation requirements for the other 
soils abunled* By referring to rainfall deficit values (Table 12) 
«*3 y •* 
ana by using the water storage capacity values given above, 
the approximate number or irrigations required tor a yivan 
season can oe quickly da terminal* To determine the actual 
dates, this irrigation would have teen necessary requires the 
longer "plus ami minus system" of accumulating or adding daily 
evapotranspiration and subtracting act al rainfall values 
until a deficiency equal to the soil's capacity to hold readi¬ 
ly available watar is reached* 
/ 
Table 14 Frequency of Monthly Hainffcll Classes Using One-half 
Inch Intervals for Three Weather Stations in Mass* 
Class Hongs 
in Inches 
For Month 
TSvSSy-nnm:—skisiysnma;.T*g»SygTS 
S^SS*MJ2JSS£S iSZj£J3J^£S- 
June June July August 
•01 - *49 1 0 7 
•5 - .98 5 1 1 1 3 § 1 1 1 
•99 - 1.47 2 1 1 0 6 4 0 1 2 
1.48 • 1.93 0 6 6 8 6 3 3 3 2 
1.97 - 2.46 6 4 6 8 5 a 5 8 3 
2.43 - 2.94 a 7 7 8 4 7 2 2 1 
2.96 * 3*43 10 7 3 9 6 6 1 2 2 
3.44 - 3*92 7 8 9 11 8 8 3 1 3 
3.93 * 4.41 4 7 9 2 4 4 1 3 2 
4.42 - 4.90 4 7 3 4 8 2 1 1 1 
4.91 * 6.39 8 3 4 3 9 3 1 3 0 
6.40 - 6.88 3 m 0 4 0 1 2 2 2 
6.69 - 6.37 2 3 2 0 1 3 0 1 1 
3*38 - 6*88 1 1 8 2 1 1 0 m 0 
S.87 - 7.36 1 2 1 1 0 0 2 m 1 
735— 7.84 2 2 0 0 1 1 0 m 
7.86 - 8.33 0 0 0 0 0 0 
8.34 * 8.83 1 0 2 0 0 0 
3.83 — 9.31 0 l 1 2 1 
9.32 « 9.80 1 0 
9.81 **10.29 1 
10.30 -10.78 
—> 
?r 
y'1 
—41 — 
Table 16. Irrigation Requirements for Five 
Soils in Massachusetts for Average 
and For Dry Growing Seasons 
Source 
of 
Soil 
Readily 
Available 
Soil Water 
Inch per Acre 
Moisture Deficit Number of Irrigations 
Average Driest 
Year Average Driest Year 
Williams 1.16 1.97 6.92 2 "6 
town 
North- 0.78 2.73 6.35 3 8 
ampton 
Amherst 0.73 2.73 6.35 3 8 
Bridge- 0.75 2.82 9.44 4 12 
water 
Marion 0.46 2.82 9.44 6 20 
It Is obvious from table 16., that the most critical 
factor in soil-water relationships is the water-holding capa 
city of the soil. It not only determines the efficiency of 
water storage-the quantity of water from a simple rain or 
irrigation operation which can bo held by the soil-but also 
the number of days that an adequate supply of moisture can 
be maintained for the crop after a substantial rain. 
SULLAH1 mb COI.CLJSXotfS 
A study was xaaao of the factors wbicn influence the need 
for a *p. lcxDental irrigation for crops In Massachusetts* Those 
factors wore grouped urn.or throe general headings 1) so lit 
2) cult ipal practices and 3) climate* 
Soil samples wore collected from five localities In the 
state* Villi lams town represented the western iplands; North¬ 
ampton meadows represented the alluvial soils In the Connect!- 
c t Valley and eastern uplands; and Bridgewater an Marion 
represented the light sandy soils of tno southeastern section 
of the state* 
Tho following soil properties wore studied, - texture, 
structure, organic matter content, moisture equivalent values, 
anu permanent wilting p rcentage* The most Important soil 
property as far as wv tor relationships are concerned Is tox-9£ 
tire because coil texture la directly associated with a soil 
capacity to hoi or store water* The ?«1Xllamatown soil with 
a substantial content of clay ana silt had relatively high 
storage capacity or moisture equivalent value whereas the 
light sandy soil from Mari n had a low storage capacity or 
molatureeq iivalent value• Consequently the Marlon soil had 
a much greater and more frequent need for supplemental irri¬ 
gation than did the Williamstown soil. The soils from North¬ 
ampton, Amherst, and Bridgewater were Intermediate * 
Cultural practices were shown to be Important, particularly 
as they affected the organic matter content of a soil and also 
-42 
-43 
soil structure* Sample* wore talon from a cultivated anu sodded 
area at each location* *slth the exception ol' Northampton 
meadow soil, the grassland soils w*re superior to the culti¬ 
vated soils. The fact la that the structure of the North- 
u pton soil was not improved because that rasa was rown 
only for a short perioa of time. 
Cultivated soils, high In silt, such as those from North¬ 
ampton ana Amherst, had low Infiltration val ice* Probably 
the most i port ant change in cultural practices would to to 
introduce a sod crop into the cropping system periodically 
in order to increase the value of water infiltration rates. 
The effect of air temperature was shown to be relatively 
constant* Precipitation, on the other hand, was shown to be 
quit© variable from year to year an i oven between different 
localities within the state. Rainfall, particularly In dry 
years, is y far the most important factor in determining the 
need of soils or the crops which are growing on them for s jp- 
p 1 em©r:tal Irrigation• 
A procedure was developed for determining the dates for 
applying irrigation water ana also the amount of water which 
is required# 
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Preclnltatl-on in Inches at Amherst Average and Mean Monthly and Yearly 
Year Jan. Feb. March April May June 
1889 
1890 
1891 
1892 
1893 
32.9 
31.0 
26.4 
23.6 
16.1 
22.9 
32.6 
27.6 
26.1 
22.9 
37.9 
31.9 
32.7 
31.4 
30.4 
51.1 
45.8 
47.5 
45.2 
43.o 
61.2 
56.3 
55.6 
54.4 
55.8 
67.8 
65.2 
65.2 
6^9 
!894 
Sg 
1897 
1898 
26.4 
21.5 
20.7 
24.7 
21.8 
21.5 
19.5 
25.0 
25.4 
26.0 
39.6 
31.1 
29.2 
33.1 
39.7 
46.7 
45.6 
48.3 
47.0 
42.4 
57.3 
59.7 
61.0 
56.7 
55.3 
67.8 
69.1 
64.0 
62.0 
66.1 
July Aug. . Sept Oct. Nov. Dec. Annual 
69*5 
69.3 
68.1 
65.9 
67.2 
69.0 
68.9 
69.1 
62.1 
60.4 
64.9 
59.3 
55.8 
Il6.4 
itl:f 1(8.4 
52.6 
41.4 
36.9 
38.1 
37.8 
38.2 
34.5 
21.8 
36.9 
26.3 
25.5 
itltl 
48.2 
46.7 
48.2 
72.9 
67.5 
71.3 
71.6 
70.9 
67.9 
69.7 
68.8 
66.8 
70.2 
65.4 
6^.1 
59.5 
60.1 
63.6 
51.6 
£-5.6 
47.1 
49.8 
51.1 
34.8 
40.6 
42.2 
36.2 
37.5 
26.9 
30.4 
25.6 
28.3 
25.8 
48.2 
47.0 
it?:? 
1(7.5 
1899 
1900 
1901 
1902 
1903 
1904. 
1905 
1906 
3-907 
1908 
1909 
1910 
1911 
1912 
1913 
3.934 
1915 
1916 
1919 
1920 
1921 
1922 
1923 
22.9 21.3 
214-.8 24.6 
23.6 19.2 
22.2 25.3 
24.2 27.2 
33.6 
29.1 
32.5 h-0.5 
42.9 
45.8 
fe! 
47.2 
47.1 
57.6 
55.1 
U:l 
59.8 
67.8 
p 
63.1 
60.3 
14.3 17.3 30.8 43.2 
20.6 17.6 32.8 4&.1 
30.2 24.I 28.0 45.9 
22.1 16.I 35.2 41.7 
25.8 20.6 34.8 45.9 
60.3 
57.0 
56.9 
51.7 
59.9 
25.4 29.3 
26.2 23.6 
27.5 22.8 
14.7 21.4 
34.2 22.7 
33.2 
40.2 
31.7 
30.9 
38.3 
H 
m 
48.0 
55.7 
57.0 
62.5 
58.8 
55.5 
22.4 17.9 
27.1 28.9 
27.7 20.1 
23.5 19.9 
13.9 19.6 
33. 
2618 
n 
42.6 
p 
85 
58. 
P 
49.5 
62.2 
6k.6 
64.5 
61,3 66l3 
63.0 
28.7 28.7 38.5 45.7 
15.2 21.3 34.3 43.2 
26.8 27.5 42.5 52.0 
20.1 25.8 35.3 45.8 
19.7 17.9 28.6 45.9 
57.4 
54.5 
59.0 
60.0 
56.4 
68.3 
64.. 7 
66.4 
67.4 
67.9 
69.8 
71.5 
5.3 
5.3 
69.3 
M U 
68.6 
70.6 
0.4 
6.2 
62.4 
70.4 
71.6 
71.1 
70. 
72. 
66.9 
66.2 
Bi 
67.0 
68.9 
172.2 
74.6 
71. 
71. 
66.8 
67.1 
68.5 
66.4 
69.9 
68.6 
69.9 
72.5 
72.5 
71.1 
69.7 
67.0 
70.5 
72.3 
71.6 
71.8 65.8 
68.7 71.8 
74.7 67.2 
70.8 68.2 
59.4 51.9 37.3 31.0 
64.5 55.4 40.8 28.4 
62.7 50.7 33.6 26.7 
60.9 50.3 42.4 23.7 
61.9 51.4 35.1 22.1 
60.2 46.0 34.0 19.4 
59.8 50.0 36.5 30.1 
63.8 51.4 38.7 24.1 
62.0 45.7 38.6 3!.f 
64.0 52.3 38.5 27.6 
60.7 48.7 42.0 •25.5 
61.7 52.3 37.1 21.9 
60.4 49.0 37.2 33.5 
61.6 53.3 ko.5 33.1 
60.0 55.5 4l.8 32.0 
61.0 54.2 37.6 24.7 
66.0 52.4 4o.8 27.0 
61.3 51.7 3,8.1 26.5 
58.4 47.4 34.6 17.1 
53.0 53.1 40.0 29.3 
61.9 51.6 l|.0.1 23.2 
6k.1 56..4 36.9 31.0 
66.6 50.9 37.9 25.8 
64.0 51.7 39.5 25.1 
63.9 5l.l 39.8 34.8 
it? .2 , .1 
46.8 
47.2 
47.0 
8 46.i 
47.6 
45.4 48.o 
47.3 
itl:l 
85 
46.4 
85 
48.5- 46.8 
49.8 
1921: 25.8 20.7 34.4 44*2 53.2 64.3 
1925 
1926 
21.1 
25.5 
32.1 
22.6 
39.1 
29.4 
47.5 
41.2 
54.0 
55.5 
69.2 
61.6 
1927 22.7 28.7 38.5 45.0 53.9 61.9 
1928 27.3 25.5 33.1 43.3 55.1 63. b 
71.4 70.3 59.2 51.3 40.5 25.6 46.7 
69.1 68.0 61.0 43.5 38.0 29.0 47.6 
70.3 69.0 59.8 47.8 39.8 20.1 45.2 
70.6 64.9 61.5 54.0 43.9 29.7 47.9 
70.3 72.0 59.0 51.8 4o.o 32.4 47.8 
1929 22.8 25.5 37.8 45.2 56.6 67.1 
1930 26.0 29.2 35.0 44. i- 59.1 70.6 
1931 22.9 25.4 36.3 46.7 56.1 66.7 
1932 33.5 26.3 31.9 44.4 57.9 62.9 
1933 32.6 28.6 32.9 45.3 60.5 68.3 
66.5 
67.8 
69.6 
"0.5 
63.1 49.0 39.6 28.1 
64.0 48.9 40.2 28.1 
64.8 53.6 44.1 31.6 
62.5 52.4 3,6.5 30.2 
62.7 49.0 34.5 22.3 
K •.6 
.4 
„ .2 
48.2 
1934 24.0 11.6 3°.9 46.2 59.3 67.6 
1935 
1936 
19.0 
23.8 
2k.0 
l6.1 
35.8 
40.9 
45.0 
43.4 Si 65.6 67.0 
1.937 
1938 11:? 30.0 28.8 31.5 37.4 45.o 49.2 in 66.9 67.1 
1939 
I9k0 &3 27.8 26.7 30.9 30.1 42.5 42.1 in $:? 
1941 21.2 25.6 39.3 52.1 in 
57.6 
67.2 
1942 24.1 2k.0 39.4 49.7 67.5 
1943 21.4 25.1 32.9 4i.o 71.1 
19W+ 26.7 25.9 32.0 
a.4 
42.9 63.4 
54.1 
66.3 
1945 17.8 25.7 
22.6 
51.8 66.1 
1946 23.2 W1.5 45.0 55.8 65.0 
III 27.7 18.0 24.0 21.4 34.0 34.9 44.7 47.2 56.1 57.3 1:? 
1949 31.6 30.5 38.2 50.1 60.0 85 1950 32.8 24.8 31.2 45.1 ^7*5 
1951 27.4 29.6 36.5 48.5 58.9 65.9 
24.2 24.1 34.7 45.8 57.3 65.9 
Reference: Meteorological Record* of 
72.4 1 65.0 64.6 47.7 42.8 26.4 46.7 
•73.2 1 59.4 59.1 50.4 43.4 24.9 47.1 
70.8 l 69.7 62.3 50.6 35.7 31.8 47.9 
71.6 73.3 60.0 49.6 39.9 27.6 49.0 
71.7 72.4 59.4 55.2 4l.5 29.7 49.2 
71.2 73.5 61.4 50.2 36.8 28.9 48.o 
70.6 i 
71.2 l 
?6.9 
67.0 
60.1 
62.5 
46.7 
52.5 8.1 29.4 31.1 46.3. 40.5 
•70.5 1 68.9 62.7 52.7 38.8 24.8 48.8 
71.8 1 68.9 6l.l 51.4 3 8.7 24.9 47.3 
72.9 73.4 63.° 50.0 39.0 25.3 48.4 70.6 1 68.3 64.1 50.5 40.3 22.3 47.9 70.2 66.1 63.9 54.7 43.2 29.9 48.7 
73.2 73.0 62.9 57.4 30.0 25.6 48.4 
72.3 71.4 
1 
63.7 51.3 46.3 32.4 48.4 
75.9 < 68.6 61.4 57.6 40.4 29.9 5i.7 71.0 < 
1^3! £L a-.o 54.8 43.0 32.2 30.0 29.8 y 
71.0 68.8 61.8 50.9 39.0 27.6 33.6 
Agricultural Experiment Station tJ, of Mas*. 
Year. 
1881 
1882 
188.J 
1884 
1885 
1886 
1887 
1888 
1889 
1892 
38 
38 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
*930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
33 
1941 
1&2 
Average and Mean Monthly and Yearly Temperature In Degrees F. at Wllllamstovm 
Jan. Feb. March April May June 
14.8 
21.6 
17.8 
21.0 
25.4 
23.2 
31.6 
32.5 
24.3 P 59.8 4?.6 54.2 60.0 63.2 66.0 18.3 27.8 29.2 42.1 54.5 66.6 
19.0 13.6 20.6 43.8 55.0 64.6 
July Aug.- Sept. Oct. Nov. 
Deo. 
70.6 
66.9 
66.3 
6J, Q 
67.6 
66.0 
65.3 
S3 
61.4 
Si 
Hi 
38.1 
34-3 
38.7 
37.1 
32.3 
23.9 
25.2 
27.9 
67.8 63.4 56.1 47.o 39.0 
28.0 
Annual 
20.1 
12.8 
26.1 
23.2 
21.1 
25.1 
21.0 
19.3 
25.2 
30.2 
24.4 
24.5 
34.0 
28.0 
48.2 
39.0 
39.6 
47.2 
43.4 
8 .7 3.5 
52.7 
59.1 
53.8 
61.6 
83 
«j.9 
68.0 
72.5 
68.5 
67. 
68. 
66.2 
Ui 
63.6 
66.9 
57.5 
55.0 
57.3 
.7 If 58 .U 
89.3 
Ui 
m 
38.8 
Hi 
22.1 
25.5 
29.4 
33.2 
23.4 
& 
Hi 
13.2 21.6 30.1 40.7 54.9 
26.1 
20.9 
22.5 
16.8 
37.2 
28.2 
46.5 
43.4 
57.o 
58.2 
21.1 24.2 26.0 47.1 
23.4 24.2 33.0 45.o 55.6 
68.0 
66.2 
68.2 
63.8 
61.5 
67.4 67.7 
68.2 62.2 
67.1 67.6 
70.9 67.6 
70.4 63.9 
55.7 
61.0 
61. 
58. 
57.2 
50.4 
8:2 
48.4 
49.3 
36.2 
33.2 
38.7 
42.2 
36.7 
26.9 
27.1 
44.4 
PI 45.6 
21.8 24.8 
20.7 19.6 
25.0 23.9 
22.0 16.2 
21.2 21.6 
ll .7 28.3 
26.7 
30.6 
38.2 
41.5 
fej-6 
55.0 
55.8 
55.3 
I:? 
66.6 
66.0 
61.6 
66.6 
66.2 
68.8 
69.0 
63.8 
60.1 
57.5 
63.2 
60.0 
59.4 
50.8 
50.4 
33 
49.0 
35.8 
36.3 
39.8 
31.4 
42.2 
26.6 
33.2 
25.6 
25.2 
22.5 
46.2 
S3 
Bi 
24.2 
14.7 
18.0 
29.6 
22.5 
27.O 
l6.0 
15.5 
22.2 
15.2 
41.6 
30.0 
30.8 
26.3 
34.2 
45.2 
4o.7 
44.4 
43.6 
40.1 
58, 
55, 
50, 
* gi ; U:l 60.4 62.2 59.2 57.3 49.7 47.2 
,1 
* 
62.9 ( 
65.0 1 
62.1 1 
Ui 
68.7 
63.9 
68.5 
64.0 
58.2 
61.2 
60.2 
49.0 
Si 
33.4 
32.0 
35.2 
36.0 
37.1 
21.6 
19.7 
29.2 
23.8 
30.8 
19.1 
27.7 
21.0 
24.1 
18.5 
33.4 
30.3 
39.0 
29.7 
28.2 
43.7 43.8 
49.2 
42.2 
44.6 
58.2 
54.9 
55.0 
62.8 
57.5 
64.7 
64.7 
62.2 
62.8 
62.2 
70.2 
1.9 5 
65.1 
64.7 
65.4 
67.4 64.2 
61.8 
58.9 
59.0 
58.5 
59.4 
.8 
fc 5i.o 
47.7 
50.3 
38.5 
4i.o 
34.6 
35.3 
39.1 
26.9 
23.3 
3-9.9 
32.8 
32.5 
46.5 
45.6 
46.0 
46.8 
45.i 
33 .-8 21.3 37.8 46.9 • 54.5 6/4..8 69.0 66.9 
21.9 14.9 31.0 4i.5 57.7 63.6 67.5 67.1 
26.1 27.8 28.9 49.5 52.2 63.7 68.3 64.8 
25.8 19.3 22.3 43.7 56.0 61.0 71.3 68.9 
23.2 16.8 31.6 42.7 47.7 64.3 70.0 70.1 
53.4 
52.7 
If 11:1 
29.8 
24.7 
26.2 
25.8 
16.5 
48.1 
44.7 
46.6 
45.o 
43.3 
11.5 20.1 32.7 44.1 61.8 61.2 
27.1 26.4 36.2 43.0 56.2 68.1 
13.4 20.2 32.3 41.1 53.0 62.8 
25.6 
18.6 
26.4 
25.6 
42.0 
33.8 iu 57.6 58.2 Si 
68.7 68.6 
68.2 6L.8 
66.8 68.9 
Si tti 
39.8 
37.2 
35.8 
37.5 
37.8 
30.5 
20.4 
29.2 
23.5 
26.2 
hh.' 
K: 
19.2 16.4 
25.2 16.9 
17.5 30.4 
23.8 20.7 
20.6 28.4 
27.3 
32.1 
3d 
35.4 
44.i 
42.0 
45.8 
19.0 
■3.5 
50.7 
54.2 
52.5 
66.0 66.1 65.3 61.0 48.3 37.9 34.7 
68.7 66.5 56.7 47.5 38.7 23.7 
66.7 66.6 60.0 42.6 37.6 27.2 
68.8 68.1 58.8 46.2 38.3 20.0 
69.0 63.3 57.2 52.1 42.3 27.3 
25.4 
22.1 
25.3 
21.1 
34.1 
23.4 
22.3 
26.3 
22.3 
26.9 
31.1 
36.4 
32.9 
44.5 
42.9 
45.7 
42.5 
% , -3 56.1 
58.2 
57.6 
57.4 
6|.5 
66.3 
69.5 
n 
71.4 
68.7 
68.8 
72.8 
67.6 
57.1 
62.0 
62.5 
62.8 
59.8 
50.4 
47.1 
47.4 
51.5 
51.9 
39.1 31.1 
38.1 27.0 
38.9 27.9 
44.7 31.0 
36.1 30.3 
46.5 
46.3 
47-3 
48.1 
47.2 
31.6 
a* 
21.0 
31.5 
26.4 
9.8 
21.8 
17.4 
27.4 
29.9 45.5 59.6 
30.1 45.6 58.7 
34.5 43.2 52.0 
4o.i 42.3 60.0 
27.9 43.7 58.0 
67.2 
67.8 
65.4 
66.2 
66.4 
32.8 
41.4 
42.1 
33.8 
38.5 
30.9 
25.3 
BS 
& 
47.4 
21.3 
u 
*2.7 
27.1 
27.2 
22.5 
22.8 
20.1 
36.1 
28.8 
27.2 
27.4 
37.3 
46.3 
41.2 
40.6 
50.9 
49.2 
Mi 
57.9 
S;S 
66.4 
Hi 
22.0 22.0 31.3 43.9 56.1 64.7 
Reference: Mllham W., Meteorology and 
69.1 62.8 59.5 48.8 37.6 26.6 45.5 
Meteorological Observation# in Williams College 
[C
D
fv
jU
JV
nc
o 
o 
Average and Mean Monthly and Yearly Temperature in Degrees F. at Teuton 
Year Jan. Feb. March April May June 
1 
July 1 Aug. 
Sept. Oct. Nov.' Dec. 
Annual 
1926 27.6 23.8 32.1 lp2.6 51*.2 ol.O 67.4 67.8 57.8 48.8 41.7 
23.2 45.7 
1927 27.1 30.7 38.9 1*4.9 53.2 61.7 70.0 61*.7 59-1 53.6 45.7 32.8 
48.6 
1928 28.8 26.9 31, .ip 41'. 5 53.8 63.O 70.9 71.6 58.8 62.4 40.6 32.4 
48.2 
1929 25.8 27.8 39.8 46.2 56.8 66.0 69.2 66.0 62.0 49.6 40.0 29.4 
48.2 
1930 27.0 31.7 35-ip 42.0 55.0 69.0 69.7 66.5 65.6 48.6 39.6 29.0 
48.3 
1931 26.3 28.6 36.8 47.o 58.4 65.6 
r ■ 
72.2 70.0 65.0 54.9 46.1 35.6 50.5 
1932 37.3 30.0 33.li 45.4 56.9 65.0 69.2 69.8 61.8 54.2 41.1 34.4 49.9 
1933 35.8 31.8 35.1 45.8 59.6 66.9 69.2 69.8 63.7 50.8 36.1 26.6 49.3 
1934 30.0 16.2 3lj.li 47.3 59.2 67.2 72.2 66.5 65.0 48.8 1*4.4 29.6 48.4 
1935 23.4 26.6 38.6 45.1 54.6 64.7 72.3 68.5 61.2 50.3 45.o 25.0 
47.9 
1936 25.7 21.8 43.0 44.4 59.2 65.7 69.2 69.3 63.6 52.2 37.8 35.2 48.1 
1937 37.0 33.9 33.0 1*4.3 58.2 65.8 70.7 73.6 60.4 49-7 40.8 28.4 49.4 
1938 26.2 31.3 38.3 48.1 54.8 64.7 71.4 71.8 60.9 54.o 43.8 32.8 49.i 
1939 26.8 32.0 33.8 43.7 36.3 64.3 69.5 72.5. 61.6 51.8 37.8 31.8 48.5 
1940 20.0 28.0 32.2 42.2 55.6 64.2 
1 
69.9 65.9 60.3 47.o 40.8 33.0 
46.6 
19M 2I-.6 27.4 32.1 49.5 57.4 66.3 70.5 67.8 63.0 53.o 
1*4.5 34.7 49.2 
19!i2 25.9 27.k lpO.2 48.3 61.2 66.2 70.4 68.8 63.8 52.7 4i.l* 
27.4 49.4 
X9U3 25.7 30.2 36.2 43.0 57.9 69.9 71.6 68.8 61.8 53.0 
40.6 27.2 48.O 
19I4J1 29.1 28.2 3)u2 1(4.2 .61.6 66.2 72.3 72.4 63.9 51.4 41.8 
29.4 49.5 
191*5 23.0 27.8 45.2 52.2 55.3 65.8 
• 
71.4 68.4 66.3 50.1 1*4.0 
25.5 49.6 
19I4.6 28.2 27.5 44.1 44.5 56.2 65.3 69.9 66.9 63.8 55.1 45.4 
33.2 50.0 
1914-7 32.3 29.2 36.0 45.6 56.4 63.2 73.0 71.8 63.0 57.4 
38.4 28.4 49.5 
10I1A pi ,li 2\J 37.2 46.4 55.2 62.2 71.2 71.5 . 61.8 50.8 1*7.4 . 33«3L- l*8«-6 
- 
Average 28.1 27.8 36.7 40.3 56.8 65.2 ' 70.6 69.2 62.4 52.2 41.9 
30.3 48.8 
Reference: U.S, , Department of Agriculture Weather Bureau 
- - 
Average and Mean Monthly and Yearly Precipitation In Inohaa at Amheret 
Ye ar Jan. Feb. March April May June July 
Aug. Sept. Oot. 
1889 
1890 
3.?9 
2.61 
1.45 
4.19 
1.1)6 
5.37 
2.42 
HI 
4.71 
5.39 
5.01 
1.53 
1 f r' 
10.5 2.72 
4.88 
.18 
3.17 
1:8 
4.58 
7.13 
2.94 
1S91 
1892 
1893 
6.75 
5.85 
3.33 
4.23 
1.90 
5.75 
2.99 
2.1' 0 
3.66 
2.66 
0.76 
4.1)1 
6lll 
5.02 
4.75 
3.46 
3.32 
^.41 
2.59 
Kfi 
3.49 
c. e wy
2.16 
2.82 
0.66 
4.88 
Nov. 
6.04 
1.32 
Dao. Annual 
1*8.9 
P 
te? 
i89.i1. 2.16 
3.37 
1.07 
3.00 
7.15 
1.7U 
1.05 
4.67 
$:S 
1.77 
2.71 
6.11 
1:8 
1.83 
5.56 
i.12 
2.U2 
4.00 
2.07 
2.58 
4.38 
5.61 
3.13 
2.76 
2.57 
6.65 
3.69 
1899 
1900 
1901 
1902 
1903 
2.80 3.56 
4.08 8.12 
1.81 0.62 
1.72 3.54 
3.28 4.27 
1.79 
1.85 
5.95 
3.31 
2.30 
1.28 
3.78 
6.91 
2.32 
0.48 
4.13 
3.65 
0.8? 
4.54 
7.79 
4.63 
5.04 
5.4f 
4.85 
4.77 
3.23 
0.73 
6.27 
7.90 
3.67 
4.17 
tu 
1.84 
m 
5.59 
2.72 
8fc 
5*85 
5.48 
3.53 
3.94 
0.87 
7.23 
2.30 
Si 2.6 . .5 
39.7 
57.0 
54.2 
2.17 
5.87 
2.08 
1.27 
2.04 
2.00 
2.40 
7.77 
4.27 
3.95 
1904 4.74 2.45 4.48 5-73 Hi Hi 1905 
1906 
3.90 
2.18 
1.70 
2.73 
3.66 
4.9° 
2.56 
3.25 
1.28 
4.95 
2.86 
2.82 
1907 
1908 
2.73 
2.25 
1.92 
3.53 
1.82 
2.86 
1.98 
1.97 
4.02 
4.35 
2.61 
0.76 
2.62 
2.63 
3.45 
3.87 
3.28 
4.09 
6.47 
6.42 
1.44 
4.27 
l*5,9 8.74 
1.73 
1.74 
2.27 
5.69 
5.00 
1.57 
1.3 
2.0 I 
1.98 
4.50 
1.06 
2.75 
30.7 
1909 3.56 5.16 3.01 5.53 3.36 2.2k 
1910 6.14 5.08 1.37 3.07 2.67 2.65 
1911 2.36 2.18 3.80 1.87 1.37 2.02 
1912 2.18 3.1,6 5.70 3.92 4.34 0.77 
1913 3-93 2.94 6.38 3.30 4.94 0.90 
2.24 3.79 
1.90 4.03 
4.21 5.92 
2.61 3.22 
1.59 2.26 
3.41 
2.52 
2.56 
1.23 
0.93 
8.61 
2.07 
5.16 
1.06 
1:$ 
4.03 
2.11 
2.95 
1.72 
4.42 
4.°4 
3.36 
S3 
S3 
39.5 
1914 3.72 3.36 5.52 6.59 3.56 2.32 
1915 6.52 7.02 0.12 3.99 1.20 3.00 
1916 2.56 5.27 3.97 3.69 3*21 5.34 
1917 3-64 1.98 4.08 1.83 4.13 5.27 
1918 4.11 2.99 2.91 2.76 2.47 4.01 
1919 2.02 2.30 4.22 2.37 6.20 1.09 
1920 2.74 ■ 4.45 3.63 4.71 3.65 6.2b 
1921 2.00 2.38 3.57 6.47 4.56 3.37 
1922 1.56 3.02 5.34 2.8l 5.47 
1923 6.02 1.81 1.98 3.19 3.26 2.24 
3.53 5.11 0.52 2.09 
9.13 8.28 1.37 2.89 
6; 85 2.49 5.o8 1.01 
3.36 7.06 2.42 6.60 
1.84 2.22 7.00 1.32 
4.17 4.81 -1.81 
2.06 3.62 6.74 1.54 
1.08 16.00 2.35 1.84 
4.28 4.25 2.27 2.55 
1.77 2.55 1.89 5.50 
2.62 2.89 4!.8 
2.20 5.86 51.6 
3.29 2.85 45.6 
0.63 2.56 43.6 
2.87 2.95 37.5 
6.20 1.48 4l.6 
5.62 6.02 51.0 
6.20 1.90 42.2 
1.56 3.15 45.9 
5.05 4.23 39.5 
1924 
1925 
1926 
3.85 
3.42 
3.23 
2.50 
2.19 
2.56 
3.61; 
5.01 
2.62 
2.90 
1.05 
4.12 
1:8 
1.17 
4.54 
3.10 
3.62 
1:8 
2.21 
2.55 
1.28 
4.28 
2.03 
1.75 
6.97 
3.24 
3.40 
6.23 
3.11 
1.93 
3.97 
5.01 
8.40 
5.87 0.01 
3.09 4.74 
1.50 5.02 
2.79 4.59 
3.07 0.87 
2.57 2.16 
3.56 
2.78 
5.65 
0.97 
8 1.0 ,.4—6 
40.9 
47.0 
42.1 
1929 
1930 
1931 
1932 
1933 
4.33 
2.57 
3.53 
3.67 
2.44 
3.92 
1.39 
1.80 
2.70 
3.58 
3.20 
3.95 
J-.24 
4.79 
6.89 
1.41 
2.95 
2.33 
5.03 
4.17 
34 1.67 
1.69 
3.06 
4.47 
4.24 
2.62 
3.68 
0.70 1.54 3.62 
4.50 1.82 2.08 
3.87 6.57 2.50 
3.83 2.67 3.96 
2.25 6.63 12.3 
2.73 
3.42 
1.55 
6.05 
1.19 
4.05 
1.63 
3.83 
1.99 
2.8l 
41.0 
.8 
J.2 
39.4 
50.3 
1937 
1938 
1939 
1940 
19ltl 
1942 
1943 
1949 
1950 
I22L 
Average 
8 
1:8 
2.82 
2.50 
2.64 
2.23 
1.77 
3.60 
1.48 
7.04 
3.38 
2.00 
4.44 
2.54 
4.07 
4.03 
3.07 
3.42 
2.17 
1.76 
6.09 
3.81 
4.67 
5.50 
3.28 
5.72 
8.45 
1.73 
3.10 
i:&S 
7.1)5 
3.02 
0.82 
4.85 
4.9,1 
2.04 
9.54 
4.67 
3.80 
dt 
2.35 
0.88 
4.90 
4.33 
2.49 
2.02 
4.86 
2.82 
2.99 
1.05 ' 
ss 
3.95 
45.5 
34.1 
48.2 
49.5 
59.0 
2.21 
2.63 
2.21 
3.54 
2.92 
2.6 2 
2.72 
i:S 
1.63 
4.49 
' £8 
7.39 
3.07 
4.56 
6.37 
0.55 
$:8 
2.15 
5.67 
2.87 
2.98 
5.62 
3.21 
2.46 
ISS 
2.38 
2.3° 
u 
is 
3.89 
1.56 
1.79 
2.93 
2.49 
2.97 
Illl 
3.94 
2.40 
4.55 
l.o4 
2.13 
3.27 
3.88 
0.98 
6.31 
4.29 
6.07 
4.64 
3.89 
3.01 
3.82 
6.03 
0.58 
. 38.8 > 43.6 
<39.1*- 
1.24 
3.07 
2.72 
3.37 
2.63 
2.34 
3.33 
3.52 
1.96 
2.45 
4.36 
2.16 
1.60 
3.29 
2.92 
3.66 
5.43 
2.16 
4.59 
2.87 
4ii 
as 
5.83 
4.70 
7.67 
3.30 
3.22 
5.67 
3.88 
7.36 
5.30 
2.73 
2.95 
4.33 
2.79 
4.00 
1.69 
3.56 
5.71 
S:8 
2.84 
1.91 
1.74 
2.18 
1.51 
2.04 
1.13 
4.21 
4.21 
0.70 
5.63 
5.22 
2.18 
3l5l 
1:8 
3V.3 
as 
38.3 
40.0 
4.52 
4.33 
3.28 
2.47 
i:8 
1.03 
2.67 
5.13 
2.70 
3.64 
3.63 
4.76 
2.77 
2.96 
O.72 
3.65 
3.04 
3.41 
2.83 
4.16 
3.64 
2.94 
3.56 
3.55 
2.34 
2.63 
2.58 
fca 48 6.39 at 4.30 
33.6 
4f-3 
48.3 
3.48 3.09 3.87 3.37 3.70 3.76 4.12 3.85 4.02 3.13 3.62 3.38 43.4 
Meteorological Records Massachusetts Agricultural Experiment Station 
Year 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1892 
1893 
I89/1 
1399 
1900 
1901 
1902 
1903 
190L 
1906 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1919 
1920 
1921 
1922 
1923 
192L 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
l9kl 
Average 
Average and Mean Monthly and Yearly 
Jan. Feb. March April May June 
3.39 2.60 1.46 4.77 2.58 1.55 
1.88 
2.23 
6.19 2.28 
2.35 1.72 l:U 2.08 3.85 
2.64 0.87 1.98 3.81 3.19 
1.75 3.76 3.89 I.63 2.51 1.65 
Precipitation in Inches at Williamstown 
July Aug. Sep t. Oet. IIov. Dec. 
Annual 
4.36 
5.l6 
3.59 
1.02 
3.09 
2.26 
2.46 
2.28 
1.51 
3.33 
2.39 
5.0k 
33.8 
Z.hZ 3.26 7.0k 0.32 I.18 O.96 ~ 
4.59 2.92 2.64 0.58 
3.32 
2.98 
1.65 
2.92 3.72 - 
3.56 O.96 3.18 2.00 1.48 
2.6l 5.01 1.56 4.77 2.7 2 
4.50 5.15 3.23 1.31 4.33 
2.18 7.89 2.80 3.6k 3.9° 
1.22 1.10 2.31 1.78 5.08 
2.87 
4. 20 
10.3 
1.23 
6.66 
1.56 
fcB 
2.9k 
1.65 
lv-3l 
2.30 4.21 
2.39 
3.12 
2.60 
1.13 
5.06 
2.95 
3.97 
5.80 
.77 
.12 
.20 I 
iX k.30 
3.38 
3.30 
5 
1 
2 
36.0 
2.68 1.13 1.75 
2.72 3.72 1.39 
2.54 2.29 1.13 
1.87 1.70 2.10 
0.71 2.29 3.10 
0.40 5.43 2.07 
2.43 2.75 2.08 
1.82 3.16 2.99 
3.90 2.10 3.62 
0.79 2.22 2.55 
It.22 
1.46 
3.39 
2.37 
3.89 
4.58 
3.25 
3.06 
1.68 
4.46 
4.58 
2.22 
4.83 
1.57 2.99 5.46 
2.26 1.22 5.94 
4.91 • 1.75 
3-74 4.12 3.11 
2.94 2.98 1.46 
34.1 
30.8 
2.62 1.37 2.93 
5.25 2.15 2.47 
1.61 2.31 4.05 
3.61 
1.69 
3.46 
0.1-8 li 1.1 5.7 l 
4.21 
4.10 
1.06 
2.1)3 
4.98 
6.61 
3.01 
3.66 
4.94 
1.80 
3.4o 
8.51 
1.60 
5.9:1 
7.14 
2.12 
3.22 
5.31 
1.21 
1.98 
0.86 
6.99 
1.11 
3.52 
1.91 
6.46 4.8l 
3.25 2.42 
48.4 
46.4 
30.9 
40.1 
43.2 
1.2k 2.45 3.56 3.70 3.30 k.83 
2.68 3.55 k.67 1.37 0.63 9.07 
1.96 0.94 1.51 2.22 3.24 5.29 
l.9l 2.7k 1.39 1.19 5.7k 
1.36 l‘.89 2.33 2.93 5.40 3.55 
4.64 
3.49 
1.60 
5.35 
5.50 
5.lit 
7.51 
4.34 
It.55 
2.77 
4.01 
1.36 
5.39 
3.24 
1.63 
3.66 
4.46 
2.56 
2.05 
3.18 
0.97 
1.92 
1.68 
til 
k. hl 
2.19 
l. 39 
2.13 
3.09 
41.9 
42.9 
32.1 
2.24 
0.95 
3.69 
3.90 
2.38 
1.52 
2.2 9 
4.1)6 
3.14 
0.75 
1.56 
2.03 
2.96 
1.02 
2.49 
2.88 
2.85 
3.20 
2.53 
1.12 
3.86 
3.24 
3.54 
3.03 
3.85 
3*96 
4.98 
1.51 
2.61 
2.30 
1.25 
3.91 
5.37 
2.01 
4.41 
6.06 
0.38 
4.27 
5.68 
4.21 
6.50 
1.74 
1.33 
2.03 
5.08 
3.1J2 
0.83 
1.49 
3.61 
1.93 
2.17 
2.09 
1.70 
2.32 
1.82 
37.6 
30.5 
36.4 
36.9 
32.0 
2.00 1.23 3.28 4.12 4.83 1.62 2.69 3.64 2.35 4.55 2.44 3.59 36.3 
2.99 2.32 6.08 1.76 2.89 O.87 3.86 1.26 2.92 3.91 1.63 2.33 32.8 
2.31 1.94 3.90 5.65 i.9k 2.21 4.33 5.10 0.53 1.72 2.14 1.94 33.7 
3.47 4.l4 0.41 2.12 i.46 1.73 9.37 4.47 3.4k 2.71 2.03 5.63 4o.4 
2.05 1.53 3.51 2.48 3.52 3.62 5.30 2.45 5.20 1.79 4.24 4.28 4o.O 
2.84 2.17 2.54 2.54 3.20 3.52 2.11 4.11 1.67 5.05 0.82 1.85 32.4 
i-89 1.86 2.37 2.45 4.04 3.04 1.78 2.31 6.44 2.75 1.83 3.42 34.2 2.68 1.29 7.39 3.18 5.81 2.23 3.03 4.51 6.43 3.32 5.05 1.55 46.5 
1.54 3-99 3.30 4-72 1.85 4.15 3.89 4.96 4.91 2.22 4.17 4A5 44.2 
1.13 4.22 4.17 2.86 2.41 2.94 6.51 3.59 2.41 1.58 4.58 1.51 37.9 
1.56 1*52 3.87 2.63 3.27 6.60 2.05 5.?i 1.60 1.42 1.19 2.50 34.1 4.97 M4 2.41 2.62 2.01 3.39 3.20 3.48 4.08 4.07 4.77 3.20 40.1 
3.15 2.40 0.72 5.20 3.28 2.10 4.47 4.44 4*34 0.07 2.16 1.66 34.0 2.05 2.17 f.93 2.58 2.69 4.58 3.lit 3.79 6.2k 3.13 3.00 1.92 38.2 1.97 4.19 2.43 2.39 1.18 2.52 3.84 3.30 3.15 6.61 3.25 2.32 37.2 
1.81 2.53 0.«7 4.0k 3.11 5.68 4.26 1.52 5.72 9.39 3.09 45.0 1.45 1" (it 3*Si 2.90 5.85 5.28 5.78 2.73 1.27 2.22 0.94 36.9 3.34 
2.82 
2.79 
3.2 8 
1.63 
1.25 
4.68 
3.67 
2.24 
5.98 
1.45 
2.71 
3.32 
2.52 
4.53 
3.7b 
2.80 
5.4-2 
1.33 
4.23 
5.45 
1.12 
1.40 
3.53 
1.89 
2.27 
4.41 
1.53 
1.69 
2.06 
2.29 
3.|4 
1.83 
2.79 
1.33 
3.51 
35.3 
29.I 
39.8 
4.33 
2.26 
2.1-0 
2.6? 
3.33 
3.20 
2.02 
5.14 
2.k6 
1.68 
2.5k 
2.58 
4.78 
M5 
4.l6 
6.28 
1.96 
6.97 
3.38 
2.96 
4.03 
1.4l 
2.62 
3.35 
37.8 
4.0.6 3.03 3.06 
2.50 
2.64 
2.52 
4.33 
2.26 
3.21 
2.30 
2.45 
5.77 
2.01 
1.47 
2.30 
1.16 
4.46 
5.28 
2.53 
1.29 
41.3 
37.7 4.41 I.89 7.90 3.72 3.21 J.05 1.90 6.89 1.97 3.50 2.78 4.24 45.5 
4.28 2.16 M2 2.84 5.99 4.86 2.99 1.80 7.8 3 4.77 3.57 1.75 44.8 3.40 
2.46 
1.88 
2.03 
2.8k 
2.06 
1.68 
2.97 
3.67 
1*4? 
5.0k 
2.69 
1.29 
4.42 
5.59 
2.19 
2.94 
7.20 
2.91 
4.31 
4.03 
4.63 
1.42 
PI 
6.35 
1.43 
4.90 
i.i4 
3.22 
i.92 
k.$|, 
3.08 
2.14 1. Ac 
47.5 
1.29 
.M2 0.96 0.21 2.65 2.52 5.80 1.62 2.81 2.38 1.69 2.1l 2 
2.76 2.43 2.97 2.85 3.06 3.55 4.11 3.85 3.59 2.90 2.99 2.85 38.00 
Reference: Mllham W., Meteorology and Meteorological Observation In William College 
Average and Mean Monthly and Yearly Precipitation in Inohea at Taunton 
Year Jan. Fob. March April May June 
1926 2.89 3.89 2.97 2.15 3.17 2.83 
1927 2.bb 2.68 l.b-3 2.05 3.01 2.9b 
1928 2.52 3.26 2.37 5.36 2.29 5.U 
1929 3.38 3.53 b.2b 7.60 3.89 0.92 
1930 3.0b. 3.05 2.88 1.68 3.00 1.80 
1931 3.13 1.77 5.16 2.3b. 5.78 7.15 
1932 6.12 1.81 5.62 l.5b 2.69 2.10 
1933 2.09 3.02 6.07 7.61 3.19 1.65 
193b- b.06 3.18 3.85 5.03 3.05 b.bs 
1935 5.25 2.7 2 1.85 5.b5 1.79 6.97 
1936 6.07 2.32 6.60 b.bb 1.10 2.18 
1937 b.01 1.1b b.02 5.68 2.30 3.91 
1938 3.68 2.22 2.3b 2.78 b.5l 8.89 
1939 2.69 b.06 5.b7 b.85 1.06 3.95 
i9bo 2.bo b.79 3.92 7.12 b.71 2.00 
I9bi 3.68 2.32 2.15 2.b5 2.01 5.bo 
i9b2 2.97 3.96 7.18 0.85 1.77 2.bi 
19b3 3.30 1.82 3.02 2.99 b.90 2.03 
I9bb 1.91 1.69 3.97 3.90 0.b2 2.9b 
19b5 3.55 b.09 1.92 1.69 3.88 3.5i 
19b6 3.b9 2.89 1.68 2.79 b.68 3.91 
I9b7 2.65 0.8b 2.77 b.08 5.59 5.bb 
19b8 5.71 2.09 b.07 3.b5 10*39 3.26 
Average 3.52 2.75 3.68 3.86 3.bb 3.73 
July Aug. Sept. Oct. Nov. Deo. Annual 
6.17 2.23 1.70 6.32 5.93 2.79 b3.l 
b.56 10.1 3.29 b.33 b.8l 5.38 b7.o 
b.09 1.58 5.37 5.05 2.37 2.62 b2.6 
2.51 3.12 3.82 3.b5 3.5b b.b2 bb.b 
2.33 3.6b 0.37 5.62 3.58 2.06 33.8 
b.73 5.51 1.75 3.81 1.01 3.96 b6.o 
3.16 6.23 6.80 7.63 6.58 1.67 52.0 
3.18 3.36 11.6 3.27 1.6b 3.2b b9.o 
1.76 2.29 3.83 3.96 b.66 3.29 b3.5 
3.66 2.30 3.3b 1.07 5.b2 1.25 bi.i 
1.62 b.25 7.b2 2.21 1.17 9.31 b8.7 
0.96 7.20 3.30 b.ob 5.6o 3.97 b6.i 
5.88 I.89. 6.7b 3.9i 3.25 3.53 b9.6 
2.11 5.73 3.02 5.90 1.60 2.b7 b2.9 
b.37 0.97 b.17 2.23 8.11 2.72 b7.5 
5.12 3.67 0.02 2.26 2.96 2.93 35.0 
5.20 b.ob 2.0b b.7b 5.65 3.96 bb.8 
b.33 2.95 1.02 3.38 3.21 1.07 3b.o 
1.8b l.lb 9.29 2.90 7.13 2.72 39.8 
2.2 9 2.7b 1.6l 2.71 8.39 7.06 b3.b 
1.01 10.7 2.81 6.00 1.23 3.55 39.3 
5.8b i.b5 2.95 2.05 b.79 3.30 bi.8 
5.20 b.57 1.73 6.23 5.28 1.33 53.3 
3.52 3.98 3.83 b.05 5.26 3.b5 b3.9 
Reference: Climatological data U. S Department of Agriculture Weather Bureau 
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